Abstract-
INTRODUCTION
The need to integrate the renewable energy like wind energy into power system is to minimize the environmental impact on conventional plant. The integration of wind energy into existing power system presents requires the consideration of voltage regulation, stability, power quality problems. The power quality is an essential customer-focused measure and is greatly affected by the operation of a distribution and transmission network [1] .
The need for providing reliable and secure power supply arises with an ever increasing demand for electricity. In recent years, the use of non-conventional sources for electricity generation has been gaining popularity and one such source is wind energy. The success of wind energy generating system lies in the capability of wind technology to be integrated into existing power system. However, the fluctuating nature of wind and the comparatively new types of its generators affect the power quality when the wind power is injected into the grid. In order to address the power quality issues that arise due to the integration of wind turbine with the grid, the grid operators have imposed stringent regulations requiring the wind turbines and wind farms to full fill power plant properties. This necessitates the use of highly sophisticates and flexible technology [2] . The performance of the wind turbine and thereby power quality are assessed through the guidelines specified by IEC-61400 standard. The power quality issues can be viewed with respect to the wind generation, transmission and distribution network, such as voltage sag, swells, flickers, harmonics etc. However the wind generator introduces disturbances into the distribution network. A proper control scheme in wind energy generation system is required under normal operating condition to allow the proper control over the active power production. In the event of increasing grid disturbance, a battery energy storage system for wind energy generating system is generally required to compensate the fluctuation generated by wind turbine. A STATCOM based control technology has been proposed for improving then power quality which can technically manages the power level associates with the commercial wind turbines. A simple control scheme based on hysteresis current control is developed for the STATCOM with the following objectives:
 Unity power factor at the source side.
 Minimize the percentage THD in source current waveform. The paper is organized as fallows. The Section II introduces the power quality standards, issues and its consequences of wind turbine. The Section III describes system development The Sections IV, V, describes the simulation results and conclusion respectively.
II. POWER QUALITY ISSUES AND ITS CONSEQUENCES (A) Harmonics
The harmonic results due to the switching operation of power electronic converters. The harmonic voltage and current should be limited to the acceptable level at the point of wind turbine connection to the network 
G) Long Interruptions
Total interruption of electrical supply for duration greater than 1 to 2 seconds. It occurs due to equipment failure in the power system network.
(H) Consequences of the issues
The voltage variation, flicker, harmonics causes the malfunction of equipment namely microprocessor based control system, programmable logic controller. It may lead to tripping of contractors, tripping of protection devices, stoppage of sensitive equipments like personal computer, programmable logic control system and may stop the process and even can damage of sensitive equipments. Thus it degrades the power quality in the grid [3] .
III. SYSTEM DEVELOPEMENT
The STATCOM based current control voltage source inverter injects the current into the grid will cancel out the reactive part and harmonic part of the load and induction generator current, thus it improves the power factor and the power quality. The proposed grid connected system is implemented for power quality improvement at point of common coupling (PCC),for grid connected system in Fig.[1] . 
B) ESS-STATCOM
The energy storage system (ESS) is used as an energy storage element for the purpose of voltage regulation. The ESS will naturally maintain dc capacitor voltage constant and is best suited in STATCOM since it rapidly injects or absorbed reactive power to stabilize the grid system. It also control the distribution and transmission system in a very fast rate. When power fluctuation occurs in the system, the ESS can be used to level the power fluctuation by charging and discharging operation. The battery is connected in parallel to the dc capacitor of STATCOM [4] - [5] . The STATCOM is a three-phase voltage source inverter having the capacitance on its DC link and connected at the Point of common coupling. The STATCOM injects a compensating current of variable magnitude and frequency component at the bus of common coupling.
(C) System Operation
The shunt connected STATCOM with battery energy storage is connected with the interface of the induction generator and non-linear load at the PCC in the grid system. The STATCOM compensator output is varied according to the controlled phase voltage. The grid connected Wind Generating System model consists of a shunt connected STATCOM with Battery Energy Storage connected at the interface of induction generator and nonlinear load .The grid voltages are sensed by the controller and are synchronized to generate the current command for the inverter. The STATCOM injects current for the inverter. The STATCOM injects current into the grid in such a way that the source current is harmonic free and hence power quality is improved.
(D) Control Scheme
The control scheme approach is based on injecting the currents into the grid using -bang-bang controller.‖ The controller uses a hysteresis current controlled technique. Using such technique, the controller keeps the control system variable between boundaries of hysteresis area and gives correct switching signals for STATCOM operation. 
Fig.4: Simulation model of grid connected wind system with STATCOM
Simulation model of grid connected wind generating system with STATCOM is shown in the Fig.3 and the parameters used for the simulation is listed in Table 1 .
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Fig.8: FFT analysis of current at PCC of system without STATCOM
The FFT analysis is shown in the above diagram for current at PCC and source side. The analysis shows that the THD percentage of current at PCC is 19.99% and THD percentage of current at source side is 18.87% which is beyond the limits of the standards and norms set by IEC and IEEE standards committee. The wind energy generating system is connected with grid having the nonlinear load. The performance of the system is measured by switching the STATCOM at time 0.3 to 0.8s in the system and how the STATCOM responds to the step change command for increase in additional load at 0.3 to 0.8s is shown in the simulation. When STATCOM controller is made ON, without change in any other load condition parameters, it starts to mitigate for reactive demand as well as harmonic current.
Fig.12: FFT analysis of current at PCC of system with STATCOM
The dynamic performance is also carried out by step change in a load, when applied at 0.3 s. This additional demand is fulfill by STATCOM compensator. Thus, STATCOM can regulate the available real power from source.
V. CONCLUSIONS In this paper, the effect of integrating the wind generator with the electric grid was addressed. A test system for grid connected wind generating system with non-linear load and STATCOM connected at point of common coupling (PCC) was developed in MATLAB/SIMULINK environment. A controller based on hysteresis current control scheme was devised for the STATCOM and its effectiveness in minimizing the harmonics in the source current waveform from was studied by investigating the waveform before and after STATCOM operation. It was observed from the simulation results that the THD in the source current waveform has been greatly reduced from 19.99% to 8.35% with the use of STATCOM. It maintains the source voltage and current in-phase and support the reactive power demand for the wind generator and load at PCC in the grid system, thus it enhance the utilization factor of transmission line. The integrated wind generation and FACTS device with ESS have shown the outstanding performance. Thus the proposed scheme in the grid connected system fulfils the power quality norms as per the IEC standard 61400-21.
